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Method for determining the suitability of a transparent moulded polymer 
article for colouring without defects and resulting article 

The present invention concerns in general terms a method for 
5 determining a priori if a colourless transparent moulded article, made of a 
polymer, such as an ophthalmic lens, is suitable to be coloured without 
coloration defects. 

At present, ophthalmic lenses made from polymer material (organic 
glass) are commercially available in two forms, in the form of colourless 

10 ophthalmic lenses (clear organic gtass lenses) and in the form of ophthalmic 
lenses coloured to varying shades (coloured organic glass lenses). 

The colouring of ophthalmic lenses is generally performed by immersing 
the colourless clear glass lens in an aqueous colouring bath, containing a 
dispersion of pigments, maintained at a temperature of the order of 90°C. 

15 Following this treatment some ophthalmic lenses, although perfectly 

usable in their uncoloured state, may show defects in coloration, mainly 
variations in coloration which appear in the form of ferns, circles or loops, which 
make the commercial use of the coloured lens impossible. These defective 
coloured ophthalmic lenses cannot be recovered and must be discarded. 

20 Such coloration defects are particularly found in ophthalmic lenses 

obtained from polymerizable compositions which have a significant shrinkage 
during polymerisation in the mould, generally equal to or greater than 7%, 
preferably equal to or greater than 10%, such as for example the lenses 
obtained by polymerisation of a polymerizable liquid composition comprising a 

25 diethylene glycol diallyl carbonate monomer (CR39®). 

These coloration defects also more specifically concern ophthalmic 
lenses with positive strength, 

The patent US-A-4 303 701 discloses a method for marking plastic 
lenses by impregnation of a fluorescent material into the surface of the lens so 

so that, when the lens is exposed to ultraviolet light, it becomes fluorescent, thus 
enabling the lens to be selectively identified. More exactiy, the method 
disclosed in the patent US-A-4 303 701 consists first of selecting, from lenses 
wfth two levels of quality, the lenses of higher quality and marking these 
selected Eenses of higher quality by impregnation of a fluorescent material for 

35 subsequent identification. This method thus requires an initial step of sorting 
the lenses according to their quality, a step which is moreover not defined in the 
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patent. 

The patent EP-A-838850 discloses a method for revealing the surface 
defects of a substrate. The method consists of depositing a monomolecular 
layer of a fluorescent agent onto the surface of the substrate, then revealing the 
5 surface defects of the substrate by the luminous points resulting from light 
dispersion around the defects. This method is particularly suitable for 
determining defects on the surface of semiconductor substrates. 

It would thus be desirable to have a method for determining, from a set of 
transparent moulded articles of clear organic glass, in particular ophthalmic 

10 lenses, those which are suitable for colouring without defects. This would thus 
avoid a significant wastage level in colouring the transparent moulded articles 
from clear organic glass, since the transparent moulded articles from clear 
organic glass which had not been selected, in particular ophthalmic lenses, 
would be of sufficient quality to be used in their uncoloured state. 

15 According to the invention, it has been found that it is possible to 

determine a priori, before any colouring treatment, from a set of transparent 
moulded articles of clear organic glass, if these articles may be coloured without 
the risk of the appearance of coloration defects such as ferns, by placing in 
contact at least one principal surface of the colourless article with a solution of a 

ao fluorescent material in conditions such that the fluorescent material penetrates 
under the principal surface of the article, and irradiating the impregnated article 
with radiation which activates the fluorescence of the fluorescent material. The 
irradiation of the impregnated article reveals the presence of any defects 
corresponding to those which would appear during a subsequent colouring 

25 treatment It is thus possible, at this stage, to perform a selection between the 
articles suitable for coloration without defects and unsuitable articles. Thus only 
the articles selected as suitable are subjected to the colouring treatment, and 
unsuitable articles are used for applications not requiring colouring. 

The object of the invention is thus a method for determinEng the a priori 

30 suitability of colourless transparent moulded polymer articles, from a set of such 
articles, to produce after colouring treatment coloured transparent moulded 
articles, without coloration defects, characterized in that it comprises : 

a) placing in contact at least one principal surface of the colourless 
articles of the set with a solution of a fluorescent material for a sufficient time to 

35 allow penetration of the fluorescent material under the principal surface of the 
articles ; 
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b) irradiation of the impregnated articles by means of radiation which 
activates the fluorescence of the fluorescent material ; and 

c) selection of the articles in the set into two sub-sets of which the first is 
composed of those articles of the set which show a homogeneous fluorescence 

5 of their principal surfaces under irradiation and the second is composed of 
those articles of the set which show a non-homogeneous fluorescence of their 
principal surfaces under irradiation. 

Once this selection has been made, the articles of the first sub-set which 
show homogeneous fluorescence under irradiation may be subjected to 
10 colouring treatment with a near-certainty that a coloured article without 
coloration defects will be obtained. 

The invention also relates to a method for producing coloured ophthalmic 
lenses from polymer material, characterized in that it comprises : 

a) obtaining a set of ophthalmic lenses made of colourless polymer 
15 material ; 

b) placing in contact at least one principal surface of the ophthalmic 
lenses with a solution of a fluorescent material for a sufficient time to allow 
penetration of the fluorescent material under the principal surface of the 
ophthalmic lenses ; 

20 c) irradiation of the ophthalmic lenses by means of radiation which 

activates the fluorescence of the fluorescent material ; 

d) selection of the ophthalmic lenses in the set into two sub-sets of which 
the first is composed of the ophthalmic tenses which show a homogeneous 
fluorescence of their principal surfaces under irradiation and the second is 

25 composed of the ophthalmic lenses which show a non-homogeneous 
fluorescence of their principal surfaces under irradiation ; and 

e) subjecting the ophthalmic lenses of the first sub-set to a colouring 
treatment. 

In a variant of the method, one may, after the selection of the articles, 
30 subject them to a treatment to remove their fluorescence. Such a treatment 
may consist of irradiation of the selected articles with an appropriate UV 
radiation, such as UV-C radiation, or a chemical treatment such as dipping the 
articles in a bath of an agent for deactivating the fluorescent material The 
recommended treatment for removing the fluorescent property is the chemical 
35 treatment, since the UV-C radiation tends to leave a slight yellow colour in the 
treated article. 
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The invention further concerns a transparent moulded pofymer article, for 
example an ophthalmic lens, containing under one of its principal surfaces a 
thin impregnated layer of a deactivated fluorescent material. The thickness of 
this layer depends on the depth of impregnation of the fluorescent material, in 
5 general 0.1 to 5 pm, preferably 0.5 to 15 pm. 

The solution of fluorescent material of the method of the invention is 
preferably an aqueous solution and the concentration in fluorescent material is 
generally between a few parts per million and a few tenths of one percent, 
preferably between 10 and 100 ppm, and typically of the order of 20 ppm. 
10 For the solution of fluorescent material of the method of the invention, 

any known fluorescent material may be impregnated in the article. These 
include derivatives of hydrazines and of aliphatic amines, and more particularly 
dansyl cadaverine or dansyl ethylene diamine. 

The fluorescent material in general has an absorption wavelength of 
15 between 200 and 400 nm and an emission wavelength of between 400 and 700 
nm. The absorption (excitation) wavelength of the fluorescent material is 
preferably less than 380 nm, more preferably less than 320 nm and even more 
preferably less than 300 nm and its emission wavelength between 450 nm and 
700 nm. 

20 A particularly recommended fluorescent material is 

5-dimethyIaminonaphthalene-HN-(5-aminopentyl)] sulphonamide with formula : 



25 




SOaNHCCHafcNHi 

30 

also named dansyl cadaverine. 

The placing in contact of the uncoloured article with the solution of 
fluorescent material is preferably performed by immersing the article in the 
solution, but it is also possible to place only one principal surface of the article in 
35 contact with the solution, for example by depositing the solution by 
centrifugation. 
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In general, the solution of the fluorescent material, during the contact 
with the article, is at a temperature higher than the glass transition temperature 
of the polymer material of the article (for example, 83°C for the material ORMA® 
of the ESSILOR Company) and is generally between 85X and 98°C, typically 
5 of the order of 95*C. 

The length of the treatment of the article with the solution of fluorescent 
material must be sufficient for the fluorescent material to penetrate an adequate 
depth under the principal surface of the article, generally of the order of 0.1 to 5 
[}m and preferably from 0.5 to 15 ptn/ The length of treatment is generally of 
10 the order of 10 to 30 seconds, typically of the order of 20 seconds. Although 
longer treatment times may be used, it has been found that, beyond 2 minutes 
of treatment with the solution of fluorescent material, the effectiveness of any 
treatment for deactivation of the impregnated fluorescent material significantly 
decreases. 

15 The step b} of irradiation of the articles impregnated with fluorescent 

material comprises the irradiation of the articles with any radiation which 
activates the fluorescence of the impregnated fluorescent material and 
preferably with a UV radiation whose wavelength corresponds to the absorption 
wavelengths of the impregnated fluorescent material. Thus an excitation UV 
20 radiation whose spectrum is centred around 350 nm is preferably used. 

As stated above, the method of the invention preferably inciudes a step 
of deactivation of the fluorescent material impregnated into the selected articles. 

This deactivation may be performed for example by irradiation of the 
article with UV~C radiation (wavelength ~ 250 nm) for about 20 seconds or by 
25 chemical treatment such as immersion in a bath of a deactivation agent. 

Suitable chemical deactivation agents include benzene alkyi sulfonate. 
The chemical deactivation agent may be a carrier agent, in other words a 
transport activator. This case enables a greater diffusion of the fluorescent 
agent. 

30 Without wishing to be limited by a particular mechanism, it is possible 

that part of the fluorescent agent is leached out (diffusion to the outside of the 

lens) while part penetrates into the interior. 

When the material of the tens contains a UV absorber, the fluorescent 

agent is then inactivated by the UV absorber. 
35 The chemical deactivation agents are generally used in solution form, in 

particular aqueous, at concentrations of 1 to 5% by weight. 
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The deactivation treatment is generally carried out with deactivation 
agent solutions at a temperature of 35 to 100 D C 3 and with a duration of the order 
of 1 to 10 minutes depending on the deactivation agent and the solution 
temperature. 

5 An example of such a bath is an aqueous solution 2% by weight in a 

benzene alkylsulfonate. 

In this case of a 2% benzene alkyteulfonate bath, deactivation is 
achieved by dipping the article in the bath for 5 minutes at 95*C, 

The colourless transparent polymer of the articles of the method of the 
10 invention may be any conventional colourless transparent polymer able to be 
impregnated by a fluorescent material. 

These materials are preferably colourless transparent polymers with a 
significant shrinkage on moulding (polymerisation), generally 7% or more, and 
better 10% or more. 

15 A preferred polymer is the material obtained by polymerisation of a 

polymerizabie liquid composition, comprising a diethylene glycol diallyl 
carbonate monomer (CR39®), such as the ORMA® ophthalmic lenses of the 
ESSILOR Company. 

The colourless transparent moulded polymer articles of the method of the 

20 invention are preferably articles with a positive optical strength, in particular 
ophthalmic lenses with a positive optical strength, 

EXAMPLES 

25 ORMA® ophthalmic lenses obtained by thermal polymerisation of 

diethylene glycol diallyl carbonate in an inorganic glass mould were tested by 
the method of the invention 

The detection test was performed as follows : 

The lenses were immersed in an aqueous solution at 100°C of 
30 5Hdimethylaminonaphthalene-l-[N-(5"aminopentyl)] suiphonamide (dansyi 
cadaverine) at a concentration of 20 ppm, for 2 minutes 30 seconds. 

The lenses were removed from the solution, rinsed in cold water and 
dried with a soft cioth. 

They were then illuminated with an ultraviolet lamp whose spectrum was 
35 centred around 350 nm. 

The lenses were sorted according to whether or not they showed 
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fluorescence heterogeneities. 

Over 30 lenses of strength +6.00 dioptres, the test detected the presence 
of 21 defects of the whorl or circle type, and 9 lenses free from defects (showing 
homogeneous fluorescence), 
5 After colouring, the 9 lenses were free from defects, and 19 lenses out of 

the 21 showed coloration defects. 

The two other lenses which showed fluorescence defects 
(heterogeneities) did not show coloration defects. 

The intensity of the fluorescence defect was in fact weak for these two 
10 lenses. The contrast of this defect after colouring was not detectable by the 
eye, 

It would be possible to be less selective, for example by reducing the 
concentration of the fluorescent agent in the corresponding bath, 

Over 30 lenses of strength *4.00 dioptres, the test detected the presence 
15 of 12 defects of the fern or circle type, and 18 lenses free from defects. 

After colouring, the same proportions were observed. 

Over 30 lenses of strength +2.00 dioptres, the test did not detect any 
whorl defects. 

After colouring, there were no fern defects. 



